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INTRODUCTION 
The basic inspection techniques of X-ray digital radiography and computed tomogra-
phy use some kind of X -ray detector in the form of an array or a single point. Most of the 
detectors available today have high performance characteristics in certain areas but not all. 
For example, a collimated germanium detector has good energy sensitivity and can pro-
vide high spatial resolution. But it has the disadvantages of being very slow and having to 
be operated at liquid nitrogen temperatures. An array detector such as an image intensifier 
viewed by a CCD camera has the advantage of being very fast, but it has poor dynamic 
range compared to a germanium detector. 
An X-ray detector can be operated in photon counting mode or in current mode. In 
photon counting mode, each incident X-ray produces many electron-hole pairs due to the 
photoelectric effect. This results in small current pulses or light scintillations across the de-
tector material. The resulting current pulses are integrated using a charge sensitive pream-
plifier and counted. Sensitivity to variation in X-ray flux is determined by the statistical 
accuracy, which will depend on the total counting time and on the rate at which the pulses 
can be processed. Since shaping of individual pulses requires a minimum time, photon 
counting systems tend to be slow. To increase the speed of operation of the system, X -ray 
detectors can be operated in current mode. In this mode, electron-hole pairs constitute a 
short circuit current commensurate with the transit time of the charge carriers. The short 
circuit current can be measured using sensitive instrumentation which provides a measure 
of the incident flux. 
In this paper, we describe a digital radiography and computed tomography system 
based on a current mode X-ray detector that has high spatial resolution, large dynamic 
range, high speed of operation, is low in cost, compact in size and operates at room tem-
perature. In addition, the system is adaptable to many types of detector material, including 
semiconductor X-ray detectors and scintillation based X-ray detectors. Results obtained 
from the system are presented and suggestions for future improvements are made. 
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CURRENT MODE X-RAY DETECTOR DESIGN AND DEVELOPMENT 
Figure 1 shows the circuit diagram of the current mode X-ray detector we have de-
signed and built. The current source in Fig. 1 represents the X-ray transducer, which could 
be of a variety of materials. For an X-ray detector to operate in current mode, two quali-
ties of the detector material are of extreme importance: dark current stability and minimum 
afterglow. 
Even when no radiation source is present a small current (dark current) will be gener-
ated due to the thermal motion of electron-hole pairs in a material. For some semiconduc-
tor detectors to operate efficiently, a bias voltage must be applied across the detector 
material. Due to this bias and the resistivity of the detector material, an even larger current 
will flow in the detector. This dark current has to be extremely stable for proper operation 
because any changes in the dark current will be indistinguishable from changes in photon 
produced current. 
Certain excited electronic states in crystalline materials can trap charges for an ex-
tended period of time, thus resulting in photocurrent or light output from the detector for a 
measurable time even after a radiation source is removed. This property is referred to as 
afterglow. If a detector has high afterglow, the speed with which it can respond to changes 
in X-ray flux will be correspondingly reduced. 
The current measuring instrumentation shown in Fig. 1 consists of a very low noise 
current-to-voltage converter (Analog Devices AD515AL) followed by a differential volt-
age amplifier (Analog Devices instrumentation amplifier AD524C) and a low pass filter to 
filter out noise as well as to avoid aliasing effects during digitization. The analog output 
voltage from the detector is digitized using a 12-bit commercially available NO converter. 
This arrangement allows for the greatest flexibility in implementing the detector circuitry. 
The tOfal scale factor of the instrumentation by which the input current signal is multiplied 
is 101 . To achieve such a high gain in a single stage, very high value resistors would be 
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Figure 1. Circuit diagram of current mode X-ray detector. 
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required. These resistors tend to be expensive as well as noisy. Also, the dark current in a 
semiconductor detector with an applied bias voltage tends to be high. If a high gain is cho-
sen so as to sense very low current values (typically in the 100 femto ampere range) the 
dark current also gets multiplied and the amplifier output saturates. By using two gain 
stages it is possible to introduce an offset voltage at the second stage if necessary to com-
pensate for the dark current The instrumentation of Fig. 1 can sense a current signal in the 
range from 100 fA to 100 pA. We have used an NO converter sampling the output volt-
age at 50 kHz. By averaging many consecutive samples, we significantly improve the sig-
nal to noise and extend the dynamic range. Greater detail on circuit design and 
construction can be found in Ref. [1]. 
As part of the research work, the semiconductor material CdZnTe[2-5] was evaluated 
for current mode of operation. The current source in Fig. 1 was substituted by a CdZnTe 
crystal with a bias voltage applied across the detector, and performance characteristics 
were evaluated. Figure 2a shows the dark current of CdZnTe measured over a period of 10 
hours. It can be seen that the variation in the dark current is substantial. Figure 2b shows 
the variation in temperature adjacent to the CdZnTe crystal over the same time period. A 
remarkable correlation is noticed between temperature and dark current. Use of this mate-
rial as a current mode X-ray detector would require stabilization of the temperature. How-
ever, other studies indicated that the afterglow for CdZnTe runs into seconds for 
continuous exposure to X-ray radiation. Although other investigators have used this mate-
rial for applications with flash X-ray beams[2,6], the unacceptable amount of afterglow 
makes it infeasible to use CdZnTe in current mode with continuous exposure to radiation. 
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Figure 2. a) CdZnTe detector output vs. time. b) Detector temperature vs. time 
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After finding it infeasible to use CdZnTe in current mode of operation, attention was 
turned towards scintillation mode crystals such as NaI(TI)[7]. These crystals give out vis-
ible light scintillations in response to X-ray photons. To convert these light scintillations 
into usable current signal, a photodiode was used. Due to reasons of thermal stability and 
low dark current, a photodiode with an effective area of 2.4 mm x 2.4 mm (S1337-33BQ 
from Hamamatsu) was chosen. Since NaI crystals of 10 mm diameter were already avail-
able, a tapered light guide was used to couple the NaI crystal to the photodiode. The pho-
todiode was connected to the instrumentation shown in Fig. 1. The entire system was 
electrically shielded from external noise sources. Measurement of the output over time 
showed good stability and far less temperature sensitivity than the CdZnTe detector. De-
tails on the performance of this system are presented in the following section. 
DIGITAL RADIOGRAPHY AND COMPUTED TOMOGRAPHY RESULTS 
The X-ray detector described above was used in conjunction with a 320 kV generator 
(IRT IXRS 320/3200) to obtain digital radiographs and computed tomographs of a variety 
of objects. The output of the detector was digitized and 5000 samples were averaged for 
each data point. To achieve the scanning motion, the objects were placed on a computer 
controlled positioner stand located between the generator and detector. 
The best achievable spatial resolution from a system depends on a number of factors, 
such as the noise performance of the X-ray detector, the collimator size, and collimator 
alignment. The prototype system was evaluated using a 0.025 inch diameter collimator. 
Figure 3a shows a digital radiograph of a resolution gauge indicating spatial resolution of 
up to 2.5 lp/mm; this limit being due to the size of the collimator and mechanical align-
ment difficulties. Figure 3b shows a digital radiograph of a 150 micron diameter tungsten 
wire placed over a one inch thick titanium block. The tungsten wire can easily be seen, 
demonstrating the finer spatial resolution that can be achieved using the system. 
A measure of the contrast sensitivity ofthe prototype system is indicated in Fig. 3c 
which shows a digital radiograph of a 0.02 inch thick penetrameter placed over a one inch 
thick aluminum block. From the figure, the penetrameter can easily be seen, demonstrat-
ing a 2% contrast resolution for the prototype system. 
The dynamic range of the prototype system is best demonstrated by Fig. 3d which 
shows a digital radiograph of an aircraft turbine blade made of nickel. The thickest part of 
the sample is about 0.6 inch thick while the thinnest section is 0.2 inch thick. In order to 
get through the thick part of the sample, the X-ray intensity has to be high, which will re-
sult in saturation in the thin region for most detectors such as image intensifiers. From Fig. 
3d, it can be seen that our detector does not saturate, demonstrating the wide dynamic 
range of the system. (Note that the images presented here are photographs from a display 
terminal which is limited to 256 grey levels. Much greater information is available in the 
collected data.) 
Using the prototype scan programs, an average scan time of one second per point was 
observed. To achieve comparable contrast sensitivity using a germanium detector requires 
about 15 seconds per point. It was also observed that 80 % of this average scan time is 
spent in moving the sample as opposed to actual data acquisition. Thus, further improve-
ment in speed could be obtained by implementing more efficient motion control. 
Figure 4 shows some tomographic images of a variety of samples made of different 
materials and scanned under different X-ray intensities. All these images were acquired 
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Figure 3. Digital radiographs of a) resolution gauge, b) 150 micron diameter tungsten 
wire on top of 2.5 cm thick titanium block, c) 0.02 inch thick aluminum penetrameter on 
one inch thick aluminum block, and d) nickel aircraft turbine blade. 
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Figure 4. Tomographic images of a) OS' xl" aluminum block containing 1mm diameter 
holes (the lower left hole contains a piece of iron), b) 1.25" diameter dry-pressed alumina 
ceramic sample showing internal fine structure, c) rock approximately one inch across con-
taining uranium ore (white areas), and d) a vial of diameter 1" containing rock pieces. 
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using the same prototype detector system. The tomographic images were reconstructed us-
ing a filtered back-projection reconstruction algorithm[8]. These images demonstrate the 
versatility of the system in terms of handling samples of different materials and sizes. 
CONCLUSIONS AND FUTURE WORK 
We have developed a X-ray digital radiography and computed tomography system 
based on a current mode X-ray detector. This is a low cost, compact detector adaptable to 
a variety of inspection problems. It is especially useful for thick objects where X-ray scat-
tering limits spatial resolution and contrast sensitivity for conventional imaging systems. 
Only a well collimated detector, such as ours, can minimize scattering problems. We are 
also using this detector as a beam stability monitor and generator diagnostic tool. 
The two-stage design of the amplifier allows for the best matching with a variety of 
X-ray transducers as well as with output digitizers. The second stage gain could be made 
software programmable to allow for further extension of the dynamic range. The averag-
ing of digitizer samples is also adjustable, providing a tradeoff between speed and accu-
racy. 
Further improvements can be obtained by optimizing the coupling between scintillator 
and photodiode. Different scintillation materials such as CdWO 4 and CsI(Tl) will also be 
investigated. Finally, as we push the spatial resolution to finer values, better techniques 
for aligning the detector collimator with the incident X-ray beam will be required. 
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